The course 
Introduction
Prior to the introduction of this course, engineering students were allowed to pick from a number of "nontechnical" electives to satisfy requirements for environmental awareness in the engineering curriculum. These offerings did not provide a consistent focus on the issues needed for engineering students. In the 2008 revision of the curriculum, a new course was created: 85-250 Engineering and the Environment. This course was offered in the fall terms of 2009 and 2010 as a mandatory course for 2 nd year engineering students. The breakdown by initial registration was 34% Civil, 10% Environmental, 7% Industrial, 46% Mechanical, and 4% other (average class size = 188). At that point in their curriculum, students are in their third semester and have completed basic chemistry (the only listed prerequisite, although students must complete 80% of the 1 st year program in order to register for 2 nd year), physics and thermofluids (introductions to thermodynamics, fluid mechanics and heat transfer).
Syllabus
Engineers Canada publishes exam syllabi for applicants who wish to become professional engineers, but did not graduate from a CEAB accredited program. Although, the exams are not intended to "establish mandatory subjects that must be mastered in each discipline" [1] , the exam syllabi serve as an excellent guideline to developing engineering courses. The topics in 85-250 were mainly derived from the exam syllabi for 98-CS-2 Engineering in SocietyHealth, Safety and the Environment, a required exam for all engineers [2] , and 98-Civ-A3 Environmental Engineering, a required exam for Civil Engineering applicants [3] . The sequence of topics in 85-250, as shown in Table 1 , was arranged so as to provide students with an understanding of natural systems (matter cycles, energy flows, population), then develop quantitative capabilities (dimensions, risk, material balances), before applying this knowledge to topics of interest. Two topics were selected which are considered to be of interest to students outside of Civil and Environmental Engineering: pollution prevention in manufacturing settings for Industrials, and energy conversion for Mechanicals and Electricals.
Delivery
Contact time over this 12-week course consists of two 80-minute lectures and one 110-minute tutorial per week. The lectures are PowerPoint presentations supplemented by short online videos (20 throughout the course). Most lectures include solving example problems, and so a tablet computer is used. Clickers (student electronic response systems) are also used in the lectures (see Section 4) .
The text is a custom textbook made up of selected chapters from one engineering text [5] and two science texts [6] [7] from the same publisher. One of the science texts is a Canadian edition, and was included for the Legislation and Air Pollution topics. The book is printed in black-and white with softcovers to keep the cost at around $80. About 55% of students indicated that they would sell the text to the next cohort of students.
Four tutorial groups of maximum size 50 students each meet weekly. Tutorial exercises consist of solving problems with the help of Graduate Assistants. A tutorial either consists of quantitative problems (submitted individually), or of qualitative problems (one submission per group of three or four). In the latter type, groups may be asked to provide an example of a concept or categorize an environmental Impact. The assignments are graded and returned the next week. In one tutorial, students completed the Engineers Without Borders activity "Water for the World" [8] . In this activity, students build a water filter out of hardware-store materials, and compete to see who can produce the greatest amount of clear water from a given mixture of muddy water.
Ten percent of the course grade is allocated to an online Health and Safety mini-course. The course consists of five sections with one to four modules per section (Figure 1) . Students either view a recorded presentation (PowerPoint with voiceover), or in one case, read a chapter from an online source, then complete an on-line quiz consisting of 6 to 19 questions chosen from groups of pooled questions. The questions are multiple-choice, true/false or oneword answer types. Students must answer all questions correctly before advancing to the next module. There is no time limit for the quizzes; neither is there a limit on the number of attempts by a student. At the end of each module there is a test, which consists of 4 or 5 multiple choice questions. The test is timed and only one attempt is allowed. The success of a student in answering the 24 test questions are used to calculate her/his grade on the mini-course. Students are given two months to complete the course, at their own pace. We estimate that the mini-course takes about six hours to complete. Exams make up the majority of the grade in this course. There are two mid-terms (15% each) and one final exam (30%). All exams are multiple-choice. The mid-terms are submitted using IF-AT cards [9] , in which the student indicates his/her answer by scratching to reveal a star indicating the correct answer. Thus, the student is given instant feedback about the question while s/he is still in the mode of thinking about it. This testing method has been shown to increase retention of the material [10] . In addition, partial marks are given for choosing the correct answer on the second "guess". This method of evaluation allows for breaking up successive calculations in lengthy numeric problems, knowing that the student has the opportunity to find out the correct answer at each step. Overall students liked this method of testing; as shown in Figure 2 , 76 to 91% of students agreed somewhat, agreed, or strongly agreed when asked whether they preferred this method over the regular method of filling in bubbles.
Figure 2. Student Responses to the Statement, "I preferred the IFAT (scratch to answer) method of entering answers over the Scantron method (where the answer is unknown)."
Clickers are an electronic response system that is incorporated in lectures to improve student engagement in large classes [11] . Clickers were introduced in 85-250 in 2010. Approximately three clicker questions were presented in each class, with correct answers being used to assess 5% of the grade. A number of problems with the technology (unable to save 11% of sessions, difficulty in separating "counted" questions at the end of the term) resulted in adjusting the way that this portion of grade was calculated: from taking the results of 18 "counted" questions, to taking the best 18 responses of 80 questions. As a result, 87% of the class received the maximum mark of 5%. In spite of these difficulties, 78% of the class overwhelmingly agreed that the use of clickers increased their learning in class (Figure 3 ).
Students presented a group project that required them to research a topic of their choice (from a list of given topics -see Table 2 ). These topics were intended to give students the opportunity to apply environmental thinking to their own interests, while giving them practice at presenting and working in a team. Two-thirds of students felt that the group project was a worthwhile undertaking (Figure 4) . 
Student Evaluation of Teaching
As part of the Student Evaluation of Teaching (SET) extra questions were used to determine students' preferences for pedagogical elements of the class. Students were asked about their use of the textbook ( Figure 5 ) and their perception of the qualitative versus quantitative balance of the course ( Figure 6 ). Most students felt that reading the text was beneficial, but that the course was too qualitative. The latter is an interesting result, considering that students fared equally well on numeric and non-numeric exam questions. Analysis of the 2010 final exam revealed that for the average numeric question (n=29), students were correct 59% of the time, and the average percent of non-numeric questions (n=42) answered correctly was 61%. The difference between these means is not statistically significant at the 95% level.
Overall, students' interest in the course was increased as a result of taking the course (Figure 7 ). There was an increase by about 18% in highly enthusiastic students at the sacrifice of medium enthusiasm students and, to a smaller extent, low enthusiasm students. In answer to the question "Considering your experience with this course, would you recommend it to other students?", 86 and 91% 
Future Work
85-250 will continue to be offered in the foreseeable future. Changes in the Engineers Canada exam syllabi will directly affect the course content. Overall however, students appreciate the delivery and evaluation methods in the course.
